Pivotal advance: macrophages become resistant to cholesterol-induced death after phagocytosis of apoptotic cells.
One of the most important functions of macrophages is the phagocytosis of apoptotic cells (ACs). ACs deliver large amounts membrane-derived cholesterol to phagocytes, which, if not handled properly, can be cytotoxic. In atherosclerosis, where the ACs are cholesterol-loaded, this situation is exaggerated, because the ACs deliver both endogenous membrane cholesterol and stored lipoprotein-derived cholesterol. To examine how phagocytes handle this very large amount of cholesterol, we incubated macrophage phagocytes with cholesterol-loaded ACs. Our results show that the phagocytes call into play a number of cellular responses to protect them from cholesterol-induced cytotoxicity. First, through efficient trafficking of the internalized AC-derived cholesterol to acyl-CoA:cholesterol acyltransferase (ACAT) in the endoplasmic reticulum, phagocytes efficiently esterify the cholesterol and thus prevent its toxic effects. However, the phagocytes show no signs of cytotoxicity even when ACAT is rendered dysfunctional, as might occur in advanced atherosclerotic lesions. Under these conditions, the phagocytes remain viable through massive efflux of AC-derived cholesterol. Remarkably, these phagocytes still show a survival response even when high cholesterol levels are maintained in the post-phagocytosis period by subsequent incubation with atherogenic lipoproteins, as also may occur in atheromata. In this case, death in phagocytes is prevented by activation of survival pathways involving PI-3 kinase/Akt and NF-kappaB. Thus, macrophages that have ingested ACs successfully employ three survival mechanisms -- cholesterol esterification, massive cholesterol efflux, and cell-survival signaling. These findings have implications for macrophage physiology in both AC clearance and atherosclerotic plaque progression.